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ULTRAVIOLET LIGHT ALTERATION OF ACID MALTASE ACTIVITY
IN EPIDERMIS* **
OWEN BLACK, Ja., M.S. AND J. HILL ANGLIN, Ja., PrnD.
In a study of the ultrastructural changes in
epidermis induced by ultraviolet light (1W), Nix
€t at. (1), noted an increase in number of irregular
dense bodies in the basal cell layer following
irradiation of human epidermis. Subsequent work
(2) has shown that these structures are removed
by crude malt diasta.se but are only partially
susceptible to a-amylase digestion. It is suggested
that these are lyEosomes or lysosome-like struc-
tures.
Baudhuin et at. (3) in a study of a glycogen
storage disease (Pompe's) noted lysosomal vacu-
oles containing glycogen in human liver cells. In
characterizing the genetic enzyme deficiency
causing this storage disease, Hers (4) and later
Kahana et at. (5), showed the absence of a mal-
tase (a-i ,4-Glucan:D-glucose 4-glucosyltrans-
ferase, EC 2.4.1.3) which hydrolyzes maltose at
an acidic pH. Lejeune et at. (6), studied the dis-
tribution of this enzyme by ultracentrifugation
and found the activity to be associated with the
particulate fraction which also contained acid
phosphatase activity. It was further found that
activation of this acid maltase paralleled the
activation of acid phosphatase, thus indicating
that acid maltase might also be a lysosomal
enzyme. (Acid phosphatase activity has been
used as an index of lysosomal hydrolases (7).)
Although a neutral maltase in skin has been
reported by Kiverin (8), the presence of an epi-
dermal maltase having activity at an acid pH has
not been previously reported.
This study was designed to determine whether
the appearance of the epidermal dense bodies
after UV irradiation could be attributed to de-
creased acid maltase activity which would cause
accumulation of glycogen by a mechanism analo-
gous to that of the Pompe's disease.
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MATERIALS AND METHODS
White or albino male guinea pigs were used
weighing from 513 to 853 grams, average weight
600 grams. Each animal was used as its own con-
trol, i.e. all comparisons are from bilaterally
symmetric areas of an individual animal. This was
done to avoid comparison of variations due to the
differences in weight or individual variation in
enzyme content between animals. Individual
animal variation has been noted in electron
microscopic studies (9) in that not all animals
produce large numbers of these dense bodies, nor
are they always formed at the same time interval
post-irradiation.
One side of the dorsal surface of the animal was
clipped and shaved with an electric razor. For ir-
radiation the animal was housed in a box with the
floor 13 inches from a bank of four Westinghouse
Sun Lamps (20 watts each). The lamps were
equipped with a timer so that the animal was
irradiated for a 1.5 hour period, 2.5 hours before
being sacrificed. (Irradiation for 1.5 hours had
been found (2) to produce large numbers of dense
bodies the third hour post-irradiation.) Imme-
diately before the animal was sacrificed the other
side of the dorsal surface was clipped and both
sides were shaved. The pelt was removed and
divided. The dorsal pelt surfaces tested were of 40
to 65 cm2, with an average of 54 cm2. Epidermis was
collected by scraping the unirradiated and ir-
radiated areas of the pelt with a razor blade (10).
Scraping was done with care, as described previ-
ously (2), to minimize dermal tissue contamina-
tion. The scrapings from each side were collected,
weighed and homogenized with glass tissue grind-
ers in four ml of cold distilled water containing
0.1% Triton X-100. Wattiaux and de Duve (11)
have previously demonstrated that release of
hydrolases from lysosomes was enhanced by the
use of this detergent. The homogenate was then
centrifuged for 15 minutes at 500 g. The super-
natant was retained for assay.
The acid maltase activity was determined by
measuring the amount of glucose released by
incubation of the substrate, maltose, with tissue
homogenates. This assay was adapted from the
technic of Hers (12) for use with epidermal tissue.
The incubation was followed by deproteinization
and determination of glucose by an adaptation of
the glucose oxidase method of Huggett (13). A 1 ml
aliquot of the homogenate supernatant was added
to tubes containing 1 ml of a 0.1% maltose (Sigma)
solution and 0.5 ml of 0.1 M acetate buffer (pH 4.0),
for the acid maltase, or 0.5 ml of a 0.5 sodium
phosphate buffer (pH 7.0), for the neutral maltase
assay. Another 1 ml aliquot was immediately
deproteinized for the endogenous glucose assay.
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The mixtures were incubated for 2 hours at 370 C.
At the end of the incubation period the mixtures
were deproteinized. The endogenous sample was
brought up to the same volume as the total assay
with distilled water.
The method employed by Hers (12) for de-
proteinization of liver homogenates involved
placing the incubation tube in a boiling water
bath two minutes followed by centrifugation.
When epidermal homogenates were deproteinized
in this manner certain substances were present in
the filtrate which interfered with the glucose
oxidase assay method. We found that uric acid,
previously known to be in epidermis, drastically
reduced color formation when present in solution
with horseradish peroxidase, 0-dianisidine and
H202. A sodium hydroxide and zinc sulfate precipi-
tation method was investigated since Hjelm and de
Verdier (14), in an assay of blood glucose, had
found that the inhibitors of the glucose oxidase
reactions in blood were removed by this precipita-
tion method. It was also determined that glucose
solutions containing uric acid gave the anticipated
color intensity when treated with alkaline zinc.
Three ml of a 0.025 M sodium hydroxide solution
added to each ml of homogenate followed by 0.12
of 10% zinc sulfate solution yields a supernatant
having pH 7.0. The mixture was centrifuged for 5
minutes at 500 g, and the supernatant was assayed
for glucose.
Equal volume aliquots from the deproteinized
incubation mixtures and the deproteinized endog-
enous samples were prepared from control and
irradiated tissue homogenates. These aliquots, as
well as a sample of the maltose used and two known
concentrations of glucose, were assayed with the
the glucose oxidase reaction.
The glucose oxidase reagent was prepared as a
stock solution just prior to use by mixing the
following so that each tube to be assayed would
contain 2.2 ml of a 0.5 M phosphate buffer (pH
7.0), 0.1 ml solution of glucose oxidase (EC 1.1.3.4;
containing 3.1 units of activity per gram per test
from Sigma or 5 units of activity per gram per test
from Worthington), 0.25 ml of a 0.05% horseradish _________
________________ ________________
peroxidase (EC 1.11.1.7) solution (7.5 purpurogal-
lin units per gm test from Sigma, and 0.025 ml of a
0.5% solution of 0-dianisidine in 2.5 ml). A 2.5 ml
portion of the stock solution was added to 0.2 ml
of the sample. All assays were in triplicate. The
mixtures were incubated for 60 to 80 minutes
depending on the glucose oxidase used. At the end
of the incubation period, 1.3 ml of 2 N hydrochloric
acid was added to each tube and the mixtures
transferred to spectrophotometric tubes. The
absorbancy of each tube was determined at 450 mz
in a Bausch and Lomb Spectronic 20, within 15
minutes after addition of the acid. The absorb-
ancies observed were compared to a standard
glucose curve to evaluate the amount of glucose
in the test. The value of the endogenous glucose
was subtracted from the value of the total assay.
The glucose impurity of the commercial maltose
and the maltase activity in the glucose oxidase
were determined and subtracted.
RESULTS
The maltase assays from the epidermid of eight
guinea pigs are summarized in Table I. The unit
of activity is defined as the zmole glucose liber-
ated per minute per gram of wet tissue weight.
The table shows that the average acid maltase
activity was decreased 22% after UV irradiation
of the epidermis. The neutral mnitase response
was variable but averaged 23% increase in ac-
tivity. Acid maltase activity was found to be
proportional to the amount of tissue homogenate
in the test and was destroyed by heat.
When statistically analyzed by a Wilcoxon
signed rank test, the acid enzyme control values
are found to be significantly different from the
irradiated values at the 5% level. The neutral
enzyme activities, however, are not found to be
significantly different.
Unirradiated samples of bilaterally symmetric
guinea pig epidermis were tested by the above
procedure to determine the precision of the assays.
A 2.6% difference was found between the two
sides in the acid maltase activity and 13.9%
difference was found in the neutral maltase ac-
tivity.
To determine whether the maltase activity at
pH 4.0 and 7.0 could be associated with two
distinct enzymes or if the activities were due to a
single enzyme with a broad pH activity range
involved intracellular localization of activity.
Differential centrifugation was done on tissue
obtained from an unirradiated animal, following
TABLE I
Acid and neutral maltase activities in control and
irradiated epidermis .5 hours post-irradiation
Neutral MaltaseAcid Maltase Activity Activity0
Sample
Control
1
2
3
4
5
6
7
8
1.66
1.39
3.06
2.04
1.48
1.25
1.26
3.38
Differ-
ence
—0.04
—0.46
—0.47
—0.42
—0.14
+0.04
—0.01
—1.
Con-
trol
2.3
1.6
0.8
0.3
0.8
2.2
1.62
0.93
2.59
1.62
1.34
1.30
1.25
1.53
Irra-
di-
ated
2.4
2.5
0.6
1.6
0.8
1.9
Differ-
ence
+0.1
+0.9
—0.2
+1.3
0
—0.3
* Neutral assay was not initiated until the third
sample.
Values = Specific units X 10'.
254 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE II
Acid and neutral maltase activities in control epi-
dermis in particulate and supernat ant fractions
Enzyme Activities* AcidRatio —
Neutal
Acid Neutral
Particulate
Sample
Superna-
tant
Sample
3.40 X 10
8.77 X 1O
4.05 X 10
11.00 X 10
0.84
0.80
* /hmoles glucose per minute per gram wet tissue
weight; average of two experiments.
the procedure of Seiji, et al. (15). This tissue was
homogenized in 30 ml of cold 0.3 M sucrose. The
homogenate was centrifuged in the cold for 10
minutes at 700 g. The precipitate was discarded
and the supernatant centrifuged at 11,000 g for
10 minutes. This second supernatant was saved
for assay. The precipitate was resuspended in 0.3
M sucrose and centrifuged 10 minutes at 15,000 g.
This was repeated and these two supematants
were discarded. The final precipitate was re-sus-
pended in distilled water and diluted to six ml.
One drop of Triton X-100 was added to both
precipitate and the second supernatant. Aliquots
of each were incubated with maltose in both acid
and neutral buffer while a third aliquot of each
was immediately deproteinized. After the incuba-
tion and deproteinization the glucose assay de-
scribed was performed. The results are shown in
Table II.
DISCUSSION
Following UV irradiation there is a decrease in
epidermal acid maltase specific activity. This is
observed just prior to that time at which a marked
increase of a carbohydrate-containing lysosome-
like particle (the irregular dense body) has been
observed by electron microscopy (2). These
organdies exhibit similarities to vacuoles ob-
served in Pompe's disease as discussed above. In
both cases a carbohydrate is found within a
lysosome, and an enzyme which may be necessary
for its degradation is found to be missing or de-
creased in activity.
Ashford and Porter (16), have shown phagocy-
tosis by lysosomes in livers subjected to perfusion
with glucagon. Supporting evidence appears in a
photograph by Bruni and Porter (17) showing a
partially disintegrated mitochondria and glycogen
particles within a lysosomal structure. Confer
(18) has shown in electron microscopic studies on
hypoxic liver tissue that glycogen appears in
lysosomal structures. Phagocytosis by lysosomes
could account for the accumulation of glycogen.
Baudhuin, et al. (3), have published similar views.
Under IJY stress glycogen catabolism may be
accomplished by the lysosome. Where lowered
acid maltase activity is present within the lyso..
some some of incorporated glycogen may be
retained. Such lysosomes would become visible
within their respective cells.
SUMMARY
For the first time maltase activity at pH 4.0
(acid maltase) has been shown to be present in
guinea pig epidermis. This enzyme activity may
be separated from another maltase activity at
pH 7.0 (neutral maltase).
Acid maltase activity was found to be decreased
an average of 22%, 2.5 hours following ITV irradi-
ation. Changes in neutral maltase activity were
variable but averaged 23% increase.
Uric acid, which interfered with the glucose
oxidase assay, was removed by alkaline zinc
deproteinization satisfactorily where acid and
heat deproteinization methods failed to do so.
The decrease in acid maltase activity at the
same time that lysosomal carbohydrate-contain-
ing dense bodies appear is not dissimilar to a
glycogen storage disease (Pompe's) wherein acid
maltase deficiency is associated with the presence
of intracellular glycogen-containing vacuoles.
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